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Abstract

Understanding conspecifics’ age classes is crucial for animals, facilitating adaptive behavioral
responses to their social environment. This may include gathering and integrating information
through multiple modalities. Using a cross-modal preferential looking paradigm, we investigated
whether dogs possess a cross-modal mental representation of conspecific age classes. In
Experiment 1, dogs were presented with images of an adult dog and a puppy projected side-by-
side on a wall while a vocalization of either an adult dog or a puppy was played back
simultaneously. To test the effect of relative body size between adult dog and puppy images, two
size conditions (natural size and same size) were employed for visual stimuli. We examined dogs’
looking behavior in response to cross-modally matched versus mismatched stimuli. We predicted
that if dogs have cross-modal representations of age classes, they would exhibit prolonged
attention towards matched images compared to mismatched ones. In Experiment 2, we
administered the same paradigm within an eye-tracking experiment to further improve the
measurement quality of dogs’ looking times. However, dogs’ looking times in either experiment
did not demonstrate significant differences based on the match or mismatch between image and
vocalization. Instead, we observed a size effect, indicating dogs’ increased attention towards
larger adult dog images compared to smaller puppy images. Consequently, we found no evidence
of cross-modal representation of age class in dogs. Nonetheless, we found increased looking time
and pupil size upon hearing puppy vocalizations compared to adult vocalizations in Experiment

2, suggesting that dogs exhibited heightened arousal when hearing puppy whining.

Keywords: cross-modal recognition, dogs, puppy, eye tracking, whining
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Acquiring information about conspecifics is important, especially for social animals. Animals
achieve this by using multiple sensory modalities; for example, non-human animals integrate
information about species (Adachi et al., 2009; Gergely et al., 2019; Mongillo et al., 2021),
identity (conspecific: Proops et al., 2009, human: Adachi et al., 2007; Takagi et al., 2019), human
gender (Ratcliffe et al., 2014), and conspecific body size (Balint et al., 2013; Farago, Pongrécz,
Miklosi, et al., 2010; Taylor et al., 2011). Recognizing if a conspecific is an adult or an infant is
also important for social animals, as it enables them to adapt their behavior to the individuals
around them (Berry & McArthur, 1986). Animals should not treat an adult individual like an infant
and vice versa. For example, animals should avoid immature individuals as mating partners, and
unfamiliar individuals can be a threat if they are adults, but probably not if they are infants.
Additionally, approaching others’ young infants often provokes aggressive behavior from the
parents. Thus, ignoring information about others’ age can be very costly.

Which cues do animals use to recognize others’ age class? Information exchange about
this requires two things: 1) information about age class should be expressed in certain ways, and
2) these cues (or signals) should be appropriately perceived and used by other individuals. Age
cues can be visual (e.g., body size, pelage or skin color, morphology, or behavior), auditory (e.g.,
acoustic characteristic of vocalizations), or olfactory (e.g., body smell). Previous studies have
shown that animals can use some of these cues; for example, Ghazanfar et al. (2007) tested
whether rhesus macaques (Macaca mulatta) could match adult versus juvenile visual and acoustic
information by using the cross-modal matching paradigm. The monkeys saw videos of adult and
juvenile conspecific heads while they heard matching or non-matching vocalizations. The results
provided evidence that monkeys can integrate information about vocalizations and images of
juvenile and adult conspecifics, different in body size. Age class information is also important for

Australian sea lions (Neophoca cinerea). For instance, females can be very aggressive toward
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non-filial pups if they approach; therefore, approaching a non-mother adult female can be risky
for pups. Charrier et al. (2022) found that when replicas of pups and adult females were presented
to Australian sea lions, pups avoided female replicas but not pup replicas. Female adults also
showed a clear preference toward the pup replica matching their own pup’s age class compared
to one of a different age class, indicating that they can use visual cues to differentiate conspecific
age class.

Dogs (Canis familiaris) are an especially interesting species in which to test cross-modal
age recognition for conspecifics because their appearance varies greatly among breeds, including
body size, which is a potential cue of age class in many species. Adult dog weight varies from
less than one kg to 100 kg among breeds (Autier-Dérian et al., 2013), comparable to or even
bigger than the developmental changes each dog experiences during its lifetime. Consequently,
one possibility is that across different breeds, body size may not consistently serve as a reliable
indicator of age class in dogs. On the other hand, it is also possible that the inclination to use body
size as a proxy of age class is still preserved in dogs and dogs may rely on body size. Specifically,
they might rely on the relative body size between a mother and her pup to differentiate between
age classes.

Body size recognition in dogs has been cross-modally tested, and studies have shown
that dogs are sensitive to conspecific body size information (Farago, Pongracz, Mikldsi, et al.,
2010; Taylor et al., 2011). One common way to test cross-modal recognition is by using a
preferential-looking paradigm, in which a pair of visual stimuli is presented with one type of
sound, and then attention to cross-modally matched versus mismatched visual stimuli are
compared. If subjects pay more attention to visual stimuli that match the acoustic stimuli, it
implies that they have a cognitive representation of the object which links to the two perceptual

cues across modalities (e.g., Farago, Pongracz, Miklési, et al., 2010; Sliwa et al., 2011). Faragd
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et al. (2010) tested whether dogs represented body size after hearing conspecific growls. They
replayed a conspecific growl and simultaneously projected two images of a dog side-by-side. The
two images were identical in content but different in size; one was sized to show the growling
dog’s actual size, while the other was either 30% larger or smaller. They found that dogs looked
at the size-matched image sooner and longer upon hearing the growl. Further evidence for cross-
modal matching of body size and growls in dogs has been reported by Taylor et al. (2011). These
results suggest that dogs have a visual representation of body sizes when they hear conspecific
growls; that is, dogs can gain information about conspecific body size from both visual and
auditory cues. However, it remains unclear if dogs use body size information as cues of age class,
considering the huge variation of body size even among adult dogs of different breeds.
Consequently, even if conspecific body size is important information for dogs, they may not rely
on it to differentiate puppies and adult dogs but use other cues such as body proportion or
vocalization (both vocalization types and acoustic properties).

Dogs’ responses to both conspecific and heterospecific infant vocalizations have been
tested, and these previous studies have found that dogs are responsive to them. For example, Yong
and Ruffman (2014) tested dogs’ cortisol levels after hearing either a human infant crying,
babbling or white noise. They found that, like in humans, dogs’ cortisol levels significantly
increased from the baseline after hearing an infant crying, and they interpreted this as evidence
of emotional contagion in dogs susceptible to human infant crying. However, dogs are even more
responsive to vocalizations of conspecific pups than human infant cries. Lehoczki et al. (2020)
played different kinds of sound, including separation calls of dog pups, kittens, human infants,
and artificial sounds and tested dogs’ responses. Upon hearing the separation calls, dogs oriented
their head to the sound source quicker when the sound was a dog pup call or artificial sound than

a human infant cry or kitten call. Root-Gutteridge et al. (2021) also reported that dogs were more
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attentive to vocalizations in the call-frequency range of conspecific pups than that of human
infants. These results indicated that particular acoustic characteristics of pup calls especially
attract dogs’ attention. Importantly, however, none of these studies compared the responses toward
adult versus infant vocalizations. Therefore, even though dogs react to puppy or human infant
vocalizations, it remains unclear whether dogs recognize that they were produced by infants but
not adults or even whether the response is specific to vocalizations of young animals or distress
calls in general.

In this study, we investigated dogs’ capacity for cross-modal recognition of puppy and
adult conspecifics by using a preferential-looking paradigm. We played back vocalizations of
either an adult dog or a puppy while simultaneously presenting images of an adult dog and a
puppy. We then coded which image the dogs first looked at and also compared the durations of
looking at the two images. We predicted that if dogs have a mental representation of puppies and
adult conspecifics that includes both auditory and visual properties, dogs will look at the matched
image sooner and/or for longer than the mismatched image. The looking time measure is also
used as an index of expectancy violation in some studies testing cross-modal recognition (e.g.,
Adachi et al., 2007; Takagi et al., 2019). Importantly, the majority of those studies reporting a bias
for incongruent stimuli used a single visual stimulus (i.e., either congruent or incongruent) instead
of paired visual stimuli like ours (but see also Jardat et al., 2022). Therefore, in the present study
with a preferential looking paradigm, we predicted a looking bias for a congruent image. We
prepared two size conditions for visual stimuli to differentiate relative body size cues and other
cues. In the natural size condition, an adult dog image was presented as bigger than a puppy, while
in the same size condition, images of an adult and a puppy were presented in the same size by
changing the size of both. If dogs use visual cues other than size, we predicted a congruency effect

in both conditions. However, if body size serves as an important visual cue to differentiate between
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the adult and puppy, we expected a congruency effect in the natural size condition but no or a
diminished effect in the same size condition. A previous cross-modal matching study reported
that dogs’ bias for congruent stimuli depended on the subjects’ previous experience. In Ratcliffe
et al. (2014), where either a male or female voice played in the presence of a man and a woman,
dogs living with more than two adults showed looking bias for the congruent person while dogs
living with one or two persons showed a bias for the incongruent person. Thus, it is possible that
only dogs who have had previous experience with both adult dogs and puppies show a congruency
effect. In order to take this possible influence into account, we asked the owners about their dog’s
previous experience with puppies. In Experiment 1, based on the methods of Farago et al. (2010),
the visual stimuli were projected side-by-side on a wall and the looking behavior of the subjects
was recorded by video cameras. In Experiment 2, we applied eye-tracking using the same
paradigm, in order to test the results in Experiment 1 when analyzing the dogs’ gaze behavior in

a more detailed manner.

Experiment 1
Methods

Subjects

We tested 43 adult pet dogs; five dogs were excluded because of technical issues with
the recording. The data was collected from 23rd September to 12 October 2021. The sample size
was determined based on a power simulation. Our power simulation was based on 36 subjects,
yielding a power of over 80%. Therefore, we aimed for this sample size. Sessions were excluded
if the dog did not look at either image in two or more trials. Based on this pre-determined criterion,
four dogs were excluded. Therefore, the final sample size consisted of 34 dogs (17 females, M =

71.6 months, see Table Al for details). The owners were informed about the study and gave
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written consent before participating, but the purpose of the study was explained after. We asked
the owners about their dogs’ previous experience of interacting with neonate puppies (3 answers
were possible: not at all: “My dog has never met a puppy.”, some experience: “My dog has met a
puppy several times.”, daily experience: “My dog has interacted with one or more puppies with
a daily basis.” (e.g. lived with puppies)).

Experimental set-up and Procedure

The experiment was conducted in an experimental room (6m x 7m) at the Clever Dog
Lab (Messerli Research Institute, University of Veterinary Medicine Vienna, Austria). The owner
sat on a chair in the middle of the experimental room and gently held the dog so that her/his head
was in the center of the square marked on the floor (Figure 1). Tape was used to mark the floor
for visual guidance for later head direction coding. Two projector screens (150 cm x 150 cm each)
were placed by the wall the dogs faced and sat from 3 m away. A loudspeaker (Dell AC511
Soundbar) was placed centrally between the screens. The visual stimuli were presented on the
two screens at floor level by a projector (EPSON LCD Projector) located behind the subject and
the owner. Four cameras recorded the dogs’ behavior and experimental procedures: one was
attached on the ceiling above the subject, one was located between the two screens and the other
two were attached to the side walls (Figure 1). The lights were turned off during the experiment,
and the window blinds were closed. A visual occluder was placed in front of the doors to minimize
distraction from the outside.

After the subject was familiarized with the experimental room, we started the
experiment. To prevent the owner from influencing their dog’s behavior, they were not allowed
to see the visual stimuli, so they either closed their eyes or looked down. Each trial started with
the presentation of an attention-getter, a short animation projected on the wall between the two

screens together while replaying a short sound. When the subject was facing the center of the wall,
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the experimenter immediately started projecting two images of an adult dog and a puppy on the
two screens side-by-side. At the same time, a recording of a dog vocalization (either adult dog or
puppy) was played through the loudspeaker. Each image pair was presented for 10 seconds, and
the vocalization for approximately 3 seconds. The previous study by Faragé et al. (2010)
presented visual stimuli for 20 seconds, but we shortened the duration to keep the dogs’
concentration. Each session consisted of four trials, and each dog was tested in two sessions (same
size or natural size sessions, see below) on the same day with a short break between sessions. The
study was approved by the institutional ethics and animal welfare committee (ETK-106/07/2021)
in accordance with GPS and national legislation guidelines. The experimental design and analyses

in Experiment 1 were pre-registered on AsPredicted (https://aspredicted.org/GJ1_X5G).

c) Attention getter Stimuli (10sec)

L)) ‘Q,

Y
1 trial
S: Subject, O: Owner, E: Experimenter X 4 trials x 2 session

Figure 1 The experimental setting
a) a schematic image of the experimental room, including four cameras, two screens, a
loudspeaker, and a visual occluder. b) a dog participating in the experiment. ¢) an example of one

trial.
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Stimuli
Visual stimuli

We used images of adult dogs (>1 year; n = 8) and puppies (<1 month; n = 8). Since we
did not restrict the subjects’ breeds, their breeds and the body size varied. In order to avoid the
potential risk of using only one breed as stimuli, we used dogs from two breeds as stimuli. Namely,
half of the stimuli depicted border collies, representing a medium-sized breed and the other half
Shetland sheepdogs, representing a small-sized breed. Sex and the exact age of some dogs in the
images were unknown. The eyes of the puppies were closed because they were neonate, while the
adult dogs’ eyes were open considering the possibility that it may be unnatural if a “sleeping”
adult dog vocalized. The dogs presented as the stimuli were in a lying position, which was chosen
to have the same posture for both adult dogs and puppies. The brightness was matched between
an adult dog and a puppy for each pair, and the background was trimmed. In the natural size
condition, the adult image was always larger than the puppy image (i.e., approximately three times
larger in height) for both stimuli breeds, while in the same size condition, an adult dog and a
puppy were presented in the same size (about 20% smaller in height than the adult dog of natural
size condition). The size condition was blocked into sessions, and the order of the sessions (i.e.,
same/natural size conditions) was counterbalanced. The stimuli breed type was mixed in each
session, but the order was counterbalanced between subjects (e.g., the first two trials were border
collie in session 1 and Shetland sheepdog in session 2 for half of the subjects). The side of the

adult dog image was balanced so that the matched image side varied across trials.

Auditory stimuli
We used whining sounds recorded from four adult dogs and four neonate puppies.

Whines are high-pitched tonal vocalization which puppies emit when they are separated from

10
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their mother, but they are also produced by adult dogs upon separation from the owner or in
different situations (Yeon, 2007). Whines are one of the earliest sounds present in canids,
developmentally proceeding the emergence of growls (Cohen & Fox, 1976). Thus, whines were
chosen because this is a type of vocalization which both adult dogs and puppies make. Half of
them were from Border collies, and the other half were from Shetland sheepdogs, and the breeds
of visual and auditory stimuli were always matched in each trial. The stimuli were provided by
the pup-sound database of the Department of Ethology (Edtvds Lorand University, Budapest,
Hungary); they had been pre-recorded and used for other studies (Lehoczki et al., 2019, 2020;
Marx et al., 2021). The adult vocalizations were recorded when the owner left the dog alone in
the experimental room for 3 min. The puppy vocalizations were recorded at 4 days age at the
breeders’ home during a 3 min separation from the mother and littermates while only the
experimenter and the breeder were present. The duration of the stimuli used was two to three
seconds. The vocalizations were normalized among the stimuli to control loudness variations
using the software Audacity (https://www.audacityteam.org/). For acoustic details see

Supplementary Material.

Analysis

Dogs’ looking behavior was coded using the Loopy scoring tool (loopbio gmbh, Vienna,
Austria). The coder (Y. K.) knew the purpose of the study but was blind to the vocalization type,
hence the matching image’s side for each trial during the coding. Looking was defined as the head
oriented to one of the images. Whenever the orientation of the eyes was clearly visible, it was
considered. If a dog turned her/his head or gazed continuously (i.e., without stopping the gaze for
longer than 0.1 sec) it was not coded as looking at the corresponding stimulus. A second coder

who was naive to the hypothesis and the prediction of the study coded 20% of the valid sessions

11
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(10 sessions) to check inter-observer reliability, which was good (intraclass correlation coefficient
ICC (2,1) =0.83).

We investigated whether dogs' visual attention towards images of adult and puppy dogs
was influenced by vocalization types and body size. If dogs displayed greater attention to cross-
modally matched images, their looking behavior would be biased towards one image (e.g., an
adult image) compared to the other when they heard corresponding (adult) vocalization (indicated
by a significant effect of vocalization). Additionally, if dogs exhibited increased attention to cross-
modally matched images only when the relative body size between an adult dog and a puppy is
preserved, we expected their looking behavior to be biased towards the corresponding image (e.g.,
an adult image) only in the condition where images were presented at the natural size (indicated
by a significant interaction effect between vocalization and size). Following our pre-registered
analysis plan, we analyzed the proportion looking time to the adult image compared to the puppy
image (adult looking proportion) during the entire trial duration. Adult looking proportion was
calculated by adult looking time divided by the sum of adult looking time and puppy looking time
in each trial. We also recorded which image the dog looked at first (the first look image, adult
coded as 1; puppy coded as 0). We fitted Generalized Linear Mixed-Effects Models (GLMMs)
using R (R Core Team, 2018) and the packages glmmTMB (Brooks et al., 2017) and Ime4 (Bates
et al., 2015). We used a beta distribution (continuous responses between 0 to 1) for the proportion
of looking time and a binomial error distribution for the binary first look variable. The following
factors were included as predictor variables: size condition (natural size/same size), vocalization
(adult dog/puppy), the interaction between these two terms, stimuli breed type (border
collie/Shetland sheepdog), the side of the adult image (left/right), the session number (1 or 2), the
trial number within a session (1-4), subject age, and sex. Subject ID was included as a random

intercept, and size condition, vocalization, stimuli breed type, side of the adult image, session

12
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number, and trial number were included as random slopes. The model syntax in R was:
dependent variable ~ size condition*vocalization + stimuli breed type +
adult side + session + trial + age + sex + (1+ condition + vocalization
+ stimuli breed type + adult side + session+ trial ||subject id). The
random-effects structure was kept maximal to maintain conservativity (Barr et al., 2013). We also
checked models with a simplified random slope structure (i.e., removing stimuli breed type, adult
side, session, trial, age, sex), and the results did not change the pattern of significant results (see
Supplementary Material). We conducted likelihood ratio tests (using R function dropl with
argument test set to “chisq”) to evaluate the significance of the fixed effects.

In the adult looking proportion analysis, information about absolute looking times was
removed (e.g., a dog that looked for 1 s at the adult image or for 10 s had the same value of 1 if
they did not look at the puppy image). Indeed, only in 31.3 % of the valid trials, dogs looked at
both images. In order to take into account the possibility that vocalization affected absolute
looking time to match and mismatch, we conducted further exploratory analyses in addition to
the pre-registered analyses. We analyzed adult looking time and puppy looking time divided by
the total presentation duration (i.e., 10 s) using a beta GLMM. Moreover, we also tested the effect
of dogs’ previous experience of interacting with puppies. We analyzed match looking proportion,
defined as looking time to the matched image divided by the sum of looking time to matched
images plus mismatched images, by fitting the same beta GLMM but with experience as an
additional predictor variable. The data, R code and a video are available at Mendeley Data (doi:

10.17632/6skk6w8tnb.1).

Transparency and Openness Statement
e Data availability
The data, R code and a video are available at Mendeley Data, doi:
10.17632/6skk6w8tnb. 1
e Analysis code availability
13
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The data, R code, a video and the results of the acoustic analysis are available at
Mendeley Data, doi: 10.17632/6skk6w8tnb.1

e Materials availability
The stimuli we used are available upon request.

e (Citation (to secondary data, materials, and/or code, including statistical packages)
The data, R code, a video the results of the acoustic analysis are available at Mendeley
Data, doi: 10.17632/6skk6w8tnb.1

e Reporting standards
We report how we determined our sample size, all data exclusions (if any), all
manipulations, and all measures in the study.

e Design preregistration availability
The experimental design and analyses in Experiment 1 were pre-registered on
AsPredicted (https://aspredicted.org/GJ1_X5Q).

e Analysis plan preregistration availability
The experimental design and analyses in Experiment 1 were pre-registered on
AsPredicted (https://aspredicted.org/GJ1_X5Q).

Results

To test whether dogs looked at cross-modally matched images more than the
mismatched ones, we examined whether dogs’ looking behavior (the adult looking proportion and
the first look) was influenced by vocalization types with the interaction with size condition. Figure
2 shows the adult looking proportion (see also Figure Al for absolute looking time). For the
analysis of adult looking proportion, the interaction between size condition and vocalization was
not significant (beta GLMM, likelihood ratio (LR) test: ¥*(1) = 0.87, p = 0.35). This indicates that
the effect of vocalization type on the dog’s looking times did not differ significantly between the
two body size conditions. Thus, we excluded it from further analysis and fitted another model.

The results revealed that the vocalization type (adult dog/puppy) did not significantly affect adult

looking proportion ( x %(1) = 0.61, p = 0.43, Table A3 and A4). The effects of size condition ( x

2(1) =9.29, p = 0.002) and adult side ( x *(1) = 8.58, p = 0.003) on adult looking proportion were

14
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significant, indicating that the dogs looked longer at the adult image when it was larger than the
puppy image and when it was presented on the right side. The GLMM of the first look provided

no evidence for a significant interaction between size condition and vocalization (binomial

GLMM, LR test: yx *(1)=0.32, p=0.57). After removing the interaction, we found a significant

effect of size condition ( x %(1) = 3.94, p = 0.047, Figure 2, Table A3 and A4) but not of

vocalization ( x 2 (1) = 1.43, p = 0.23) on the first look. This demonstrates that the likelihood of

dogs looking at the adult image first was higher when it was larger than the puppy image (natural
size condition) than when they were the same size (same size condition).

In an exploratory analysis that was not pre-registered, we analyzed adult looking time
and puppy looking time divided by the total presentation duration; however, the main effect of

vocalization was not significant for either response variable (beta GLMM, LR test: adult looking
time: x 2(1) =0.48, p = 0.49, puppy looking time: y %(1) =0.001, p = 0.97, Table A5 for details).

We conducted a further analysis to investigate if dogs’ visual attention towards cross-modally
matched images, compared to mismatched ones, is influenced by their previous exposure to
puppies. We tested the effect of dogs’ previous experience of interacting with puppies on the
match looking proportion, which represents the ratio of the looking time directed at matched
images to the combined looking time at both matched and mismatched images. Based on the
owners’ answers, sixteen dogs had no experience with a young puppy, fifteen had some experience,
and three had daily experience. Since only a few dogs had daily experience, we combined dogs
with some or daily experience of puppies (18 dogs, “experienced dogs”) in comparison to dogs

with no experience of puppies (16 dogs, “inexperienced dogs”). Nevertheless, the effect of

experience on the match looking proportion was not significant (beta GLMM, LR test: y *(1)

15
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349  Figure 2 The results of looking behavior in Experiment 1

350  a-1) Boxplot showing the proportion of looking at the adult dogs (adult looking time/ (adult
351  looking time + puppy looking time). The dots represent the data point for each trial. Scores greater
352 than 0.5 in the adult looking proportion indicate that a subject looked at an adult dog for a longer
353  time than at a puppy. a-2) Estimate of fixed effects and 95% confidence interval of the GLMM
354 modelling the adult looking proportion.

355  b-1) The total number of first looks from all subjects. b-2) Estimate of fixed effects and 95%

356  confidence interval of the GLMM modelling the first looks.
357

358 Discussion

359 The analysis of looking time proportion or first look did not yield a significant effect of
360  vocalization type (adult dog/puppy), indicating that dogs did not change their looking behavior
361  toward the adult or puppy images based on whether the vocalization was matched or not. Thus,
362  the results provided no evidence of cross-modal representation of age class in dogs. Further
363  analysis of adult looking time and puppy looking time did not support the prediction, and there
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was no effect of previous experience with puppies either. It should be noted that more owners
than expected (i.e., half of them) reported that their dogs had some experience with neonate
puppies, which are younger than one month old and are normally kept in breeders. Thus, we need
to be cautious about the validity of data of previous experience, as some owners may have
reported their dog’s previous experience with puppies in general rather than neonate puppies
specifically. We also found evidence of a side bias; dogs looked at an image for longer presented
on the right. This bias could be due to the fact that the doors were on the right side of the
experimental room (even though they were visually occluded).

As always, negative results are difficult to interpret because the reasons remain
ambiguous, and a multitude of factors could contribute to such an absence of evidence. First, the
two dog images were presented quite far apart (approximately 2 m) for the purpose of later video
coding. This may have made it difficult for dogs to notice both images. Indeed, in 68.7% of the
valid trials, dogs looked at only one of the two images. Second, the dogs might not have
recognized the images, especially the small puppy stimuli in the natural size condition, because
of the distance between subjects and the images and given dogs’ rather poor visual acuity (Miller,
1995). Third, in many trials, the dog’s head was directed towards the space between the screens
but not at either image, thus, it was not coded as looking at any image because we defined the
looking behavior mainly by the head direction towards a screen. However, dogs may have looked
at one of the stimuli without clear head orientation, which may have underestimated their actual
looking times. We considered gaze direction whenever possible, but gaze direction was not always
clear from the video. Although the same setting worked with other stimuli in a study by Farago et
al. (2010), it is possible that these may have caused negative results. In Experiment 2, we
conducted the same experiment using eye-tracking methodology to deal with potential issues of

stimulus presentation and coding of dogs’ looking behavior.
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Experiment 2

We tested different dogs in the same manner but with eye-tracking. Using this methodology
allowed the presentation of the visual stimuli to be closer to one another and at a closer distance
to the dogs, which enabled us to measure dogs’ visual attention more precisely. In an exploratory
analysis, we also examined the dogs’ pupil size response as a proxy of their arousal levels. Pupil
size can be influenced by many factors, but pupil dilation is commonly regarded as an indicator
of emotional arousal (Bradley et al., 2008). Indeed, studies in dogs showed that they exhibited
dilated pupils when presented with pictures of angry faces compared to happy faces (Karl et al.,
2020; Somppi et al., 2017). Dogs also exhibit larger pupils following expectancy violations
concerning physical regularities (Volter et al., 2023; Volter & Huber, 2021a) and their pupil size

is more variable when presented with animacy cues (Volter & Huber, 2022).
Methods

Subjects

We tested 15 adult pet dogs. One male dog was excluded because of his reaction to the
vocalization as described later, and the final sample size was 14 (7 females, M = 61.6 months, see
Table A2 for details); none took part in Experiment 1. The data was collected from 14" March to
29 July 2022. The dogs had previously been trained for and had successfully participated in other
eye-tracking experiments (VOlter & Huber, 2021b, 2021a, 2022).

Experimental set-up and Procedure

Identical to Experiment 1, each dog experienced two sessions (i.e., same and natural
size conditions) but on different days, and one session consisted of four trials. The session order
was counterbalanced between subjects. The EyeLink1000 eye-tracking system (SR Research,

Canada) was used to record the dogs’ gaze location. Visual stimuli were presented on a 24-inch
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LCD monitor (resolution: 1024 x 768; refresh rate: 60 Hz) at a distance of 70 cm from the dogs’
eyes. The auditory stimuli were played back from an elongated loudspeaker (Dell AC511
Soundbar) mounted below the screen.

The dogs were already trained to put their head on a chinrest to minimize their head
movement during eye-tracking. Since the dogs had never experienced any sound presentation
during an eye-tracking experiment, familiarization was needed. We started by playing classical
music at a low volume, then bird sounds and dog vocalizations (e.g., yawning or barking), which
differed from the ones presented during the experiment. One dog was excluded at this point
because he reacted to the dog vocalization so much that eye tracking was impossible. Before each
session, dogs completed a 5-point calibration with animated stimuli and at least one validation
procedure with an average deviation between calibration and validation of less than 1° of visual
angle. Then, each trial started with presenting fixation stimuli at the center of the monitor. If the
dogs’ eye gaze fell into the fixation area, visual and auditory stimuli were automatically presented
simultaneously. The study was approved by the institutional ethics and animal welfare committee

(ETK-034/02/2022) in accordance with GPS and national legislation guidelines.

Stimuli

We used almost identical dog images as in Experiment 1, but this time the visual stimuli
had a naturalistic background (Figure 3). Eye-tracking studies in dogs with static images normally
employed a shorter presentation duration than 10 s (Park et al., 2022). Therefore, the presentation
duration was changed to 8 s instead of 10 s in order to maintain the dogs’ concentration until the

end of the eye-tracking session. We used the same auditory stimuli as in Experiment 1.
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Figure 3 Examples of visual stimuli and regions of interest (Lef#: natural size condition, Right:

same size condition)

Analysis

Two regions of interest (ROI, 430 x 400) were drawn on the dog images prior to data
collection (Figure 3). Gazing was categorized as a fixation if a gaze point did not change for
longer than 75 ms. The total looking time to each ROI and the image the subject first fixated (the
first look images) were recorded. Looking time was analyzed as the adult looking proportion as
in Experiment 1. The following factors were included as predictor variables: size condition
(natural size/same size), vocalization (adult dog/puppy), the interaction between these two terms,
the side of the adult image, the session number, the trial number, subject age, and sex. The
interaction was removed if it was not significant. Subject ID was included as a random intercept,
and size condition, vocalization, the side of the adult image, session number, and trial number
were included as random slopes. We also analyzed adult looking time and puppy looking time
divided by the total presentation duration (i.e., 8 s) using the same procedure. We also analyzed
the image that the dogs looked at first in a trial using the same procedure but with binomial error
distribution. We conducted likelihood ratio tests to evaluate the significance of the fixed effects.
These analyses were the same as in Experiment 1, except that we did not include stimuli breed
type to simplify the model due to model complexity considerations and a smaller sample size.

For the pupil size analysis, we preprocessed the data (Mathot et al., 2018) in the

following way: we inspected the data of each run in order to detect artefacts. We excluded data
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100 ms prior and following blink events (detected by the Eyelink software) and applied a linear
interpolation. Subsequently, we applied a subtractive baseline correction. We used the first 200
ms of the trial as the baseline period. Finally, we downsampled the data to 10 Hz to mitigate
potential autocorrelation issues. To analyze the time course of pupil size, we fitted a generalized
additive mixed model (GAMM) with a Gaussian error structure (following Soskuthy, 2017; van
Rij et al., 2019; and in line with our previous pupil size analyses, see VOlter & Huber, 2021a,
2021b, 2022, 2023). We analyzed the remaining trial period (7.8 s) starting at the end of the
baseline period. We fitted the GAMM in R using the functions 'bam' of package 'mgcv' (Wood,
2011) and package 'itsadug' (van Rij et al., 2020) to visualize the results. We used the smoothing
parameter selection method ‘ML’. We included the size condition, vocalization and their
interaction as linear terms, the non-linear regression lines for time and for the two levels of size
condition and vocalization over time (upper limit of the number of basis functions set to 30), and
the non-linear interaction between X and Y gaze coordinates (because gaze position can affect
pupil size Mathét et al., 2018; van Rij et al., 2019). We also included random factor smooths for
each subject and for each individual time series trajectory (i.e., for each subject and test trial) to
improve the model fit and account for autocorrelation (S6skuthy, 2017; van Rij et al., 2019).

We evaluated the model by visually inspecting correlations between the residuals and
lagged residuals, the QQ-plot of residuals and the residuals against the fitted values (using the
functions 'gam.check' of package 'mgcv' and 'acf' of package 'stats'). The residuals seemed to be
approximately normally distributed, and there was no obvious pattern in the residuals plotted
against the fitted values. However, we found some evidence for autocorrelation at lag 1 (0.675);
therefore, we conducted a secondary analysis based on aggregated data (see below). To draw
inferences about the effect of the predictor variables on pupil size, we first compared the full

model to a reduced model excluding both the parametric and smooth terms of size condition and
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vocalization using a Chi-square test of ML scores (using the function compareML of R package
‘itsadug’) (van Rij et al., 2020). Based on a significant full-null model comparison, we inspected
the model summary and the estimates of the differences between the conditions (using the
function plot_diff of R package ‘itsadug’) (van Rij et al., 2020). To analyze the mean baseline-
corrected pupil size, we fitted a linear mixed model (using R package ‘lme4’). We included size
condition, vocalization, their interaction, trial number as predictor variables, subject ID as a
random intercept, and all possible random slope components. The data, R code and a video are

available at Mendeley Data (doi: 10.17632/6skk6w8tnb.1).

Results
We examined whether dogs’ looking behavior (the adult looking proportion and the first
look) was influenced by vocalization types. Figure 4 shows the adult looking proportion. The

GLMM for the adult looking proportion revealed no significant interaction effect between size

condition and vocalization (beta GLMM, LR test: y > (1) = 0.02, p = 0.88). After removing the

interaction, we found no effect of vocalization ( y % (1) = 0.03, p = 0.86, Table A7 and A8) but

found a significant effect of size condition ( % (1) = 6.40, p = 0.01). Namely, the proportion of

looking time directed at adult images compared to puppy images was again longer in the natural
size condition than in the same size condition, but it was not affected by the vocalization type. A

binomial GLMM of the first look images also provided no evidence for a significant interaction

between the size condition and vocalization type (LR test: y 2 (1) =0.05, p = 0.82). After removing

the interaction, we found a significant effect of size condition ( y 2 (1) = 5.66, p = 0.02, Figure 4,

Table A7 and A8), namely, the likelihood of dogs looking at the adult image first was higher when
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it was larger than the puppy image (natural size condition) than when they were the same size
(same size condition). There was no effect of vocalization, though (x 2 (1) = 0.07, p = 0.79).

When analyzing adult looking time and puppy looking time divided by the total presentation

duration, the main effect of vocalization was not significant in either index (beta GLMM, LR test:
adult looking time: x %(1) =085, p = 0.36, puppy looking time: yx (1) =0.42, p =0.51, Table A9

for details). Thus, the results in Experiment 2 were rather similar to Experiment 1: the looking
time and the first look were influenced by size condition but not vocalization. Unlike in
Experiment 1, in Experiment 2 we did not find a significant effect of the adult side in any analysis.
We did not analyze previous experience with puppies in Experiment 2 because only one subject
had previous experience. In 43.4% of all trials, dogs looked at both ROls.

Based on visual inspection of the data, the overall looking time was seemingly longer
when the vocalization was from a puppy compared to from an adult, especially in the same size
condition (Figure A2). Therefore, in an exploratory analysis, we also analyzed “the overall
looking time,” which is the sum of the looking time of the adult dog and the puppy stimuli. We
used a non-parametric analysis (Wilcoxon signed rank test) to compare the overall looking time
between the two vocalization types for each size condition since the looking time was not
normally distributed. In the same size condition, the overall looking time was significantly longer
when the vocalization was from a puppy (mean + SD: 5270 + 2342 ms), than from an adult (3978
+ 2759 ms) (n=14, T" = 11, p<0.01), while in the natural size condition, the vocalization type did
not affect the overall looking time (puppy: 4158 = 2414 ms , adult: 3946 £ 1372 ms,n= 14, T" =

44, p = 0.63).
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Figure 4 The results of looking behavior in Experiment 2

a-1) Boxplot showing the proportion of looking at the adult dogs (adult looking time/ (adult
looking time + puppy looking time). The dots represent the data point for each trial. Scores greater
than 0.5 in the adult looking proportion indicate that a subject looked at an adult dog for a longer
time than at a puppy. a-2) Estimate of fixed effects and 95% confidence interval of the GLMM
modelling the adult looking proportion.

b-1) The total number of first looks from all subjects. b-2) Estimate of fixed effects and 95%

confidence interval of the GLMM modelling the first looks.

The increase of overall looking time when hearing a puppy vocalization may indicate
that dogs were aroused by the vocalization. Investigating a similar question, we also checked
pupillometry as another indicator of dogs’ arousal. We analyzed the preprocessed, baseline-
corrected pupil size data by fitting a GAMM. The full model (GAMMOL1), including size
condition, vocalization, and their interaction as parametric terms and the non-parametric

regression lines for the two levels of size condition and vocalization over time (as well as control
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terms and random effects) fitted the data significantly better than the null model that lacked these
test predictors (Chi-square test of ML scores: y’(11) =38.91, p < 0.001; GAMMOI had a lower
AIC: AAIC 130.73). However, the interaction between size condition and vocalization failed to
reach significance (¢ = -1.60, p = 0.111). We then fitted the model without this interaction term
(GAMMO2; Chi-square test of ML scores: y°(10) =37.65, p < 0.001; GAMMO2 had a lower AIC:
AAIC 131.07). The pupil size was significantly larger when the dogs were presented with a puppy
than with an adult vocalization (¢ = 2.01, p = 0.044, Figure 5a). The size condition had no
significant effect on pupil size (¢ = 0.34, p = 0.731). The difference curve confirmed that pupil
size was significantly larger in puppy than in adult vocalization trials in the time window between
2689 and 3856 ms (Figure 5b).

In a secondary analysis, we first aggregated the data per individual and trial (mean
values) and then fitted an LMM with size condition, vocalization and trial number as predictors.
We found a significant interaction between size condition and vocalization (°(1) = 5.35, p =
0.021; for the model estimates, see Table A10). Post-hoc pairwise comparisons revealed that the
dogs’ pupils were, on average, significantly larger when presented with the puppy vocalization
than the adult vocalization but only in the natural size condition (¢ (38.36) =2.48, p = 0.018) and
not in the same size condition (¢ (38.02) = -0.35, p = 0.731). The reason for the differences in the
results between the first analysis (no effect of size condition) and this one (a significant interaction
effect between size condition and vocalization) is not entirely clear but might be related to the
fact that the GAMM allows for taking nonlinear effects over time (alongside parametric effects)
into account and for including control predictors such as the current gaze coordinates (to account

for the pupil foreshortening effect).
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Figure 5 Pupil size data over time in Experiment 2

a) Time series plot showing dogs' pupil size (in arbitrary units and baseline corrected). The orange
and light grey lines show the mean pupil size (+ se, shaded area around the line) in the puppy and
adult vocalization conditions. The left panel shows the data of the natural size condition; the right
panel shows data of the same size condition.

b) Difference curve derived from GAMMO2. The dashed line shows the estimated difference
between the adult and puppy vocalization conditions; the shaded area shows the pointwise 95%
confidence interval. The period in which the conditions significantly differ is highlighted in red

(delimited by the dotted line).

Discussion

The results of Experiment 2 are similar to the results of Experiment 1. The vocalization
type did not affect dogs’ looking time nor the location of first looks. The only pattern we found is
that the dogs looked at adult dogs for longer and quicker when an adult dog was presented at a
larger size than a puppy, indicating that dogs paid more attention to physically more salient stimuli.
Therefore, there is no evidence that dogs spontaneously match static images and vocalizations
based on conspecific age class. We also found that the overall looking time increased (in the same
size condition) and pupils were dilated (in the natural size condition) when dogs heard the
vocalizations of puppies compared to adult dogs. These results suggest that dogs were more

aroused and attentive when they heard puppy vocalizations.
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General Discussion

This study investigated whether dogs can spontaneously match auditory and visual cues
regarding the age class of conspecifics in a cross-modal matching task with two methods. In
Experiment 1, based on the methods of Farago et al. (2010), the visual stimuli were projected on
a wall, and the dogs’ looking behavior was determined by their head direction. In Experiment 2,
we applied eye tracking and analyzed dogs’ looking direction in more detail using the same stimuli
as in Experiment 1. The results were consistent across both experiments. In both experiments,
dogs did not differentiate between cross-modally matched and mismatched stimuli by their
looking behavior. Thus, we did not find evidence of dogs having cross-modal representations of
conspecific age classes. The only consistent result we found was that dogs looked at an adult dog
for longer and quicker when it was presented larger than a puppy (i.e., in the natural size
condition).

Our results provide no support that dogs recognize conspecific age classes from static
images or vocalizations and integrate them. There are the following three possibilities: a) dogs
cannot use visual cues and/or b) dogs cannot use auditory cues, or ¢) dogs can use both visual and
auditory cues but this experimental paradigm did not allow them to exhibit it.

First, considering the possibility that dogs cannot use visual cues, a previous eye-
tracking study, in which pairs of human and dog faces were presented accompanied by either a
dog’s bark or human speech, has shown that dogs can match images and vocalizations of
conspecifics versus humans (Gergely et al., 2019). Another study also showed that dogs can
visually differentiate conspecifics of various breeds from other species, despite the great
phenotypic variability among dogs (Autier-Dérian et al., 2013). Based on these studies, it is

unlikely that our subjects did not recognize at least the adult dogs as dogs in the presented images.
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However, it is possible that identifying age class from still images of other dogs is challenging for
dogs because of the considerable variation in appearance among breeds due to artificial breeding.
Such variability including body size across breeds may make age class categorization purely
based on their appearance difficult. Moreover, paedomorphic visual features (e.g.,
dolichocephalic head) remain even in mature dogs, especially for some breeds. Thus, static
conspecific visual appearance may not be a primary cue of age for dogs; instead, they may need
other cues, such as behavior or smell, to detect whether a conspecific is a puppy or an adult dog.

Another possibility is that the visual stimuli we used were insufficient. For example,
video stimuli could be more informative to the dogs and also may attract attention more effectively
to both stimuli. Indeed, in a previous study with rhesus macaques, where a cross-modal
representation of age-related body size was found, video stimuli were used (Ghazanfar et al.,
2007). However, in the present study, we opted for static images because we were not able to
acquire or produce well-controlled videos for both adult dogs and puppies (considering factors
like breed, movement, situation, posture, etc.). Nevertheless, it should be noted that a growing
number of studies have shown that dogs can recognize still images presented on a screen,
evidenced by their performance in cross-modal matching studies (e.g., Adachi et al., 2007; Farago,
Pongracz, Miklosi, et al., 2010; Gergely et al., 2019), categorization tasks (e.g., Huber et al., 2013;
Range et al., 2008), and expectancy violation studies (e.g., VOlter & Huber, 2021a, 2021b, 2022,
2023).

It is also possible that dogs cannot use auditory cues to recognize age class. In previous
studies by Farag0, Pongracz, Miklosi, et al., (2010) and Taylor et al. (2011), dogs successfully
matched a dog image and a growl with respect to body size. In Experiment 1, we used the same
methodology as Farag6 and colleagues, and the body size difference was an easily recognizable

feature of our two age classes in the natural size condition. Therefore, it may seem unexpected
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that dogs did not match age class even in our natural size condition. There could be multiple
reasons for the discrepancy between our current results and these previous papers; among them
is the different acoustic stimuli used. In the previous studies, growls were used in contrast to the
whining stimuli used in the current study. The most important acoustic feature that encodes body
size information in dogs is formant dispersion, which is prominent in broad-band growl but not
in narrow-band whining (Riede & Fitch, 1999; Taylor et al., 2008). Even if dogs’ body size affects
the acoustic features of whining (Sibiryakova et al., 2021), it may be rather subtle and insufficient
for conspecifics to estimate the caller’s body size. Acquiring body size information may be more
important when dogs produce growls, which are mainly produced during agonistic interactions as
a threatening signal (Farag6 et al., 2010) compared to when dogs emit whine upon separation
from the owner or their mother. Particularly, agonistic growls are expected to be more salient in
this context, possibly alerting the listener and providing information about the level of threat,
whereas whines may convey the distress of the caller and elicit empathetic responses through
emotional contagion (Quervel-Chaumette et al., 2016), thus potentially less crucial for them to
convey size information.

In the natural size condition, dogs showed a strong looking bias for adult dogs. Looking
bias for larger dog images has also been reported in another cross-modal matching study in dogs
(Balintetal., 2013). They modified Faragd et al.’s (2010) paradigm and conducted a similar cross-
modal body size matching study using playful and agonistic growls as auditory stimuli. They
reported that dogs looked at larger dog images more than at smaller ones after hearing playful
growls. The authors suggested that playful growls might contain exaggerated size information,
which could explain their results (Faragd, Pongracz, Range, et al., 2010). However, we used
whines in the present study, so dogs’ looking bias for adult dogs in the natural condition would

probably have occurred simply due to their physical saliency as we discuss below. Nevertheless,
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it should be noted that we found that dogs showed looking time and pupil dilation differences
when hearing puppy vocalizations and adult vocalizations. This suggests that dogs at least
differentiated the two types of whining.

Alternatively, dogs may be able to use visual and auditory cues of age class, but the
experimental setting may have not allowed dogs to demonstrate their ability. In other words, it is
possible that even though dogs can recognize age categories from visual and auditory cues, it may
have not systematically affected their looking behavior. For example, the robust size difference
between adult dogs and puppies in the natural size condition may have overridden the congruency
effect if any. In both experiments, we consistently observed that dogs’ visual attention tended to
be biased toward the adult image in the natural size condition. In a prior study by Farago et al.
(2010), the size difference between a pair of dog images was 30%. In contrast, the adult dog
images in the present study were much larger than puppy images (i.e., three times bigger in height)
in the natural size condition to make the relative size as realistic as possible. Therefore, in our
study, body size could be the predominant factor influencing dogs' visual attention. Adult dogs
may have simply been physically much more salient, and they may have attracted dogs’ attention.
Hence, while dogs might possess the ability to discern age classes using visual and auditory cues
in their daily life, this ability might not have been fully reflected in their looking behavior within
our experimental setup. Instead, the result may reflect the complex nature of cross-modal studies.
Although most cross-modal studies with paired visual stimuli have reported looking bias for
congruent stimuli, there is a study that reported a bias for incongruent stimuli (Jardat et al., 2022),
and some have reported both a looking bias for congruent and incongruent stimuli within a study
depending on the previous experience of the subject (Ratcliffe et al., 2014) or experimental stimuli
(Zangenehpour et al., 2009). Thus, we found no looking bias for congruent stimuli possibly

because a looking bias for congruent stimuli was diminished or overwritten by avoiding congruent
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stimuli (Ratcliffe et al., 2014; Zangenehpour et al., 2009) or a looking bias for incongruent stimuli
due to expectancy violation (Jardat et al., 2022).

We also asked the owners about their dogs’ previous experience with puppies. We used
very young puppies as stimuli because we wanted to use stimuli of clearly different age classes.
However, dogs rarely have a chance to meet such young puppies. In Experiment 2, indeed, all the
subjects except one had no previous experience with neonatal puppies. Previous research on
human infants has shown that experience can make a difference in age-class categorizations:
Bahrick et al. (2008) showed that 7-month-olds can match the faces and voices of adults and
children, and previous experience with children facilitated this matching. However, in Experiment
1, dogs’ previous experience with puppies did not affect the congruency effect. Also, no effect of
previous experience was reported on dogs’ attentional response to puppy vocalizations in a
previous study (Lehoczki et al., 2019). Therefore, lack of previous experience may not fully
explain our results.

From an evolutionary point of view, one possibility for our negative results concerning
age-class recognition in dogs might be related to their domestication. In wolves, all pack members,
not just the mother, participate in pup-rearing, while in dogs, pups are solely reared by the mother
with varying degrees of help from human caretakers (Lord et al., 2013; Marshall-Pescini et al.,
2017). Due to this domestication-related change and direct human interferences in breeding, dogs
might have reduced sensitivity toward puppy stimuli. As a result, conspecific age information
may be less important for dogs than their wild counterpart. Nevertheless, dogs did not entirely
lose their responsivity toward puppy stimuli throughout their domestication. We found that dogs
looked at conspecific images longer (in the same size condition) and dilated their pupils to a
greater extent (in the natural size condition) after hearing puppy vocalizations in Experiment 2.

These two changes likely indicate that dogs were aroused by puppy vocalizations. In humans,
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pupil dilation is also reported in response to stimuli depicting infant distress or discomfort
(Yrttiaho et al., 2017). Previous studies have also shown that dogs show an emotional response
to separation calls of puppies (Lehoczki et al., 2019, 2020; Root-Gutteridge et al., 2021). In the
current study, we provide evidence that dogs’ arousal increased selectively in response to puppy
whining. Infant distress vocalizations in mammals have specific acoustic features which have
behavioral and physiological influence on caregivers (Lingle et al., 2012). Our results indicate
that the specific acoustic features of puppy whining (but not whining in general) have
psychophysiological effects in dogs.

The present study tested dogs’ cross-modal representation of age class, which has only
been tested, to our knowledge, in limited species such as rhesus macaques (Ghazanfar et al., 2007),
Australia sea lions (Charrier et al., 2022), and horses (not conspecific but human age class, Jardat
et al., 2022) besides humans (e.g., Bahrick et al., 2008). Our results provide no evidence of cross-
modal age representations in dogs. Apart from methodological limitations, one potential
explanation for dogs’ performance is that they may need other cues to recognize the conspecific
age class. Additionally, our study highlighted the possibility that puppy whining specifically
induces elevated arousal in dogs. This result is not only consistent with but adds to previous results
by showing that this arousal effect is selectively induced by puppy whining as compared to adult

whining.
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